A study was conducted to validate the most significant single nucleotide polymorphism (SNP) from a genome-wide association study of Japanese adolescent idiopathic scoliosis (AIS) patients in an independent southern Chinese population. In total, 300 AIS patients fulfilled the clinical criteria and 788 controls with MRI scans of the spine were included in the replication study. We employed case-control analysis to study the association of SNP rs11190870 near LBX1 (ladybird homeobox 1) with AIS in a southern Chinese population. The results suggest that SNP rs11190870 is significantly associated with AIS (P¼9.1Â10 À10 ; odds ratio¼1.85; 95% confidence interval¼1.52-2.25). The results of this study confirm that SNP rs11190870 is associated with AIS. Keywords: adolescent idiopathic scoliosis; replication study; rs11190870; southern Chinese
INTRODUCTION
The most common form of scoliosis is adolescent idiopathic scoliosis (AIS). AIS affects 1-4% of children aged between 10 and 16 years, 1,2 and affects more females than males. 3, 4 It is known that the inheritance of AIS is complex. The role of genetic factors in scoliosis is well-documented and widely accepted. [5] [6] [7] [8] Genome-wide linkage analyses have identified susceptibility loci on chromosome 6p, 8q12, 9q31.2-q34.2, 10q, 12p, 17p11, 17q25.30-qtel, 18q, 19p13 and chromosome X. [9] [10] [11] [12] [13] [14] [15] [16] Several candidate gene studies have also reported that genes such as COL1A1, COL1A2, FBN1, ESR, MATN1, MTNR1B, CHD7, VDR and GPER were associated with scoliosis. 10, [17] [18] [19] [20] [21] [22] [23] [24] Recently, a genome-wide association study (GWAS) has been applied to identify the susceptibility loci of AIS. 25 The single nucleotide polymorphism (SNP) rs11190870 that is located in the 3¢-flanking region of LBX1 (ladybird homeobox 1) gene at chromosome 10q24.31 was identified as the most significant common variant in Japanese females with P¼1.24Â10 19 ; odds ratio (OR)¼1.56. 25 In the present study, we conducted a study to validate the association of rs11190870 with AIS in an independent southern Chinese population that contains 300 cases and 788 controls. Our results suggest that the SNP rs11190870 is highly significantly associated with AIS.
MATERIALS AND METHODS Subjects
Informed consent was obtained from all individuals participating in this study. A cohort consisting of 300 AIS patients was recruited at the Duchess of Kent Children's Hospital in Hong Kong. The patient selection criteria for the study are as follows: (1) Patients with idiopathic scoliosis deformity involving the thoracic plus or minus the lumbar spine with Cobb's angles more than 35 degrees and required surgical operations in Duchess of Kent Children's Hospital. (2) The onset of scoliosis deformity was after 10 years and under 20 years of age. (3) Neuromuscular, congenital and syndromal scoliosis individuals were excluded by history taking, physical examination and X-ray of the spine. The control samples were from a large data set of southern Chinese population (3500 samples) recruited for a study on the genetics of degenerative disc disease. All subjects in this data set were scanned by MRI for degenerative disc disease and no subjects were found to have AIS. A total of 788 of these individuals from this data set contain degenerative disc diseased patients, and normal individuals were randomly selected and used as the control group for this AIS study.
Genotyping
Blood samples were derived from all participants. Genomic DNA was extracted from peripheral blood lymphocytes by using standard procedures. SNP was genotyped using the PCR-based invader assay. 26 Third Wave was used to design and synthesize the probe sets. The ABI PRISM 7900HT sequence detection system (Applied Biosystems, Foster City, CA, USA) was used to read the invader assay plates.
Statistical analysis
The association between the SNP and incidence of AIS were examined by the Cochran-Armitage trend test. The Hardy-Weinberg equilibrium of genotype frequencies was studied by w 2 test. OR and 95% confidence interval (CI) were calculated to estimate the risk of AIS developing on the basis of different alleles. R (http://www.r-project.org/) was used for the power calculation of the association study. METAL 27 was used to do the meta-analysis.
RESULTS
We recruited 300 AIS cases and 788 controls for this study. We compared the difference of allele frequency between total cases and total controls (300 cases and 788 controls), and between female only cases and female only controls (248 cases and 489 controls). The genotype distribution of rs11190870 in the cases and controls group was shown in Table 1 . The genotype frequencies of the SNP in the control groups followed Hardy-Weinberg equilibrium (P¼0.993 and P¼0.756 for total controls and female only controls, respectively). The risk allele (T allele, the same risk allele as the previous GWAS in the Japan population) frequency of rs11190870 in the total cases was highly significantly different from that in the total controls (P¼9.1Â10 À10 , OR¼1.85, 95% CI 1.52-2.25). It was also found that the risk allele frequency of rs11190870 in the female only cases was significantly different from that in the female only controls (P¼5.1Â10 À8 , OR¼1.87, 95% CI 1.49-2.35). These results validated the association between rs11190870 and AIS risk reported in previous GWAS.
DISCUSSION
The previously reported association between rs11190870 and AIS risk found in Japanese 25 was replicated in our southern Chinese population. The OR for the association between rs11190870 and AIS risk in total group and female only group were 1.85 and 1.87, respectively. These ORs are close to that (OR¼1.56) reported in previous GWAS, 25 which suggested that the effect size of the risk allele is very similar between the Japanese and the southern Chinese population. The risk allele frequencies in this study and the previous GWAS are also very similar, 0.67 in cases and 0.52 in controls in this study, and 0.66 in cases and 0.57 in controls in previous GWAS. Our study has over 99% power to detect an association in both total group and female only group. Our results also validated the previous GWAS findings in the Japanese female population. Meta-analysis of our Chinese and the Japanese GWAS results suggested that rs11190870 is highly significantly associated with AIS (P¼4.8Â10 À24 , OR¼1.58) for combined total southern Chinese and Japanese samples, and for combined female only (P¼1.4Â10 À22 , OR¼1.58).
Owing to population differences and/or lack of power, many candidate genes of AIS have failed to be replicated across different populations. Association between ESR1 polymorphisms and idiopathic scoliosis 18, 20 has been reported; however, other studies have not replicated this finding. 28, 29 One study has found that MATN1 is associated with familial idiopathic scoliosis, 24 and another study has found that MTNR1B is associated with the occurrence of AIS. 21 The associations of these two genes with scoliosis have not been replicated in the Japanese population. 30 In our study, we successfully replicated the previous GWAS finding that rs11190870 was highly significantly associated with AIS, which suggests that this SNP or the variants in linkage disequilibrium with this SNP may have an important role in the etiology of AIS. This is the first SNP associated with AIS that has been definitively replicated in another population. This SNP is located in the 3¢-flanking region of LBX1, which encodes ladybird homeobox 1. The expression levels of LBX1 were detectable and were specific to both adult and fetal skeletal muscle and spinal cord, but no functional variants associated to AIS were identified in LBX1. 25 Further study is needed to get a deep insight into the pathogenesis of AIS and detect the functional variant(s) in LBX1.
In conclusion, our replication study suggested that rs11190870 is highly significantly associated with AIS in both total southern Chinese population (P¼9.1Â10 À10 ; OR¼1.85) and female only southern Chinese population (P¼5.1Â10 À8 ; OR¼1.87). 
